To evaluate stratigraphic evidence for the time of origin of the clade of extant amphibians (Lissamphibia), we attempt to establish a confidence interval on the lower bound of the stratigraphic range of this clade. This is based on the strati− graphic distribution of 1207 fossiliferous localities that have yielded lissamphibians, the relative area of sedimentary rocks from various periods (upper Paleozoic to present) exposed on the continents, and ten exponential−growth models of lissamphibian diversity that differ by the assumed effects of three major biological crises and the assumed starting times of lissamphibian diversification. The results suggest a more recent origin of Lissamphibia than advocated in most recent molecular studies. They are also more compatible with monophyly than with polyphyly of the extant amphibians, but heavily depend on poorly constrained assumptions about lissamphibian extinction rates during biological crises. Counts of lissamphibian diversity through time that consider ghost lineages and stage durations show moderate declines across the Cretaceous-Paleogene and Oligocene-Miocene boundaries.
Introduction
The possible origins of the extant amphibians (Lissamphibia) from temnospondyls (e.g., Ruta et al. 2003; Schoch and Milner 2004; Ruta and Coates 2007) , lepospondyls (e.g., Laurin 1998; Vallin and Laurin 2004) , or polyphyletically from both (e.g., Carroll et al. 2004; Anderson 2007) have been debated for a long time, but no consensus has emerged (Fig. 1) . Recently, Zhang et al. (2005) compared their molec− ular divergence date estimates with appearance dates of pre− sumed relatives of Lissamphibia in the fossil record in order to determine which hypothesis about lissamphibian origins best fits the molecular estimates. They found that their mo− lecular estimate for the origin of Lissamphibia had the most overlap with what they thought to be the age of the first dissorophoid temnospondyls, and therefore considered the hypothesis that lissamphibians are temnospondyls to be the one best supported by this line of evidence. However, several errors in the paleontological data used by Zhang et al. (2005) , and in their interpretation of these data, invalidate this result (Marjanović and Laurin 2007) .
The study by Zhang et al. (2005) is but one of several re− cent attempts made by molecular biologists to date the ap− pearance of lissamphibians (San Mauro et al. 2005; Roelants et al. 2007) . All these studies suggest that lissamphibians ap− peared in the Late Devonian or Early Carboniferous (be− tween about 370 and 335 Ma ago). As pointed out by Lee and Anderson (2006) , such an early origin of Lissamphibia would favor a polyphyletic origin for this group, which is in− compatible with nearly all recently published phylogenies supported by data matrices (Laurin 2002) . Conversely, an age of origin of Lissamphibia which clearly postdates the lat− est possible divergence date for temnospondyls and "lepo− spondyls" would refute all hypotheses of a polyphyletic ori− gin of Lissamphibia from both of these groups (Marjanović and Laurin 2007) . The oldest known lissamphibian dates from the Early Triassic (less than 251 Ma ago), and our time−calibrated supertree of lissamphibians (which includes 223 extinct species), as well as our own molecular dating of the basal divergence of this taxon, suggest a Permian origin (Marjanović and Laurin 2007) , less than 300 Ma ago, which in turns implies lissamphibian monophyly. This is not the first time that a major discrepancy is found between the times of origin advocated by molecular phylogeneticists and pale− ontologists; similar controversies revolve around the timing of the diversification of crown−group birds (Padian and Chiappe 1998; Bleiweiss 1999; Marshall 1999; Chiappe and Dyke 2002; Dyke and van Tuinen 2004; Clarke et al. 2005) , placental mammals (Hedges et al. 1996; Kumar and Hedges 1998; Waddell et al. 1999 Waddell et al. , 2001 van Tuinen and Hadley 2004; Wible et al. 2007) , vertebrates (Janvier 1996; Delgado et al. 2001) , and other taxa. However, this debate should not be construed as a straightforward disagreement between mo− lecular phylogeneticists and paleontologists because special− ists of both fields have sometimes worked together and found that the molecular data were compatible with the relatively recent diversification times indicated by fossil evidence (e.g., Ericson et al. 2006 ; see also Waddell et al. 2001) . Nev− Monophyletic origin from within the temnospondyls, with lepospondyls at the basalmost part of the amphibian stem (Panchen and Smithson 1988; Trueb and Cloutier 1991; Lombard and Sumida 1992; Ahlberg and Milner 1994) . C, D. Monophyletic origin from within the temnospondyls, with the lepospondyls as reptiliomorphs (Ruta and Coates 2007 ; see also Ruta et al. 2003) . E. Monophyletic origin from within the lepospondyls (Vallin and Laurin 2004 ; see also Laurin and Reisz 1997, ertheless, most recent diversification dates of lissamphibians based on molecular data (San Mauro et al. 2005; Zhang et al. 2005; Roelants et al. 2007 ) are much older than what a literal interpretation of the fossil record suggests, and this suggests that a critical appraisal of the fossil record of lissamphibians would be useful.
Here we calculate confidence intervals on the date of ori− gin of Lissamphibia based on data from the fossil record, us− ing methods proposed by Marshall (1990 Marshall ( , 1994 Marshall ( , 1997 . We propose modifications of these methods required or war− ranted when the taxon of interest is known from a large num− ber (hundreds) of fossil−bearing horizons and when its diver− sification presumably impacted significantly on its fossil−re− covery potential. Recently Marjanović and Laurin (2007) dated the appearance of this taxon using two methods: a time−calibrated paleontological supertree and molecular dat− ing. The present study takes a third approach which, contrary to the two other methods used by Marjanović and Laurin (2007) , does not use phylogenetic information (other than the assignment of a fossil to Lissamphibia) to date the appear− ance of Lissamphibia. This study was undertaken to deter− mine if all these techniques give consistent results, and to de− termine which of them is the most precise.
Material and methods
Stratigraphic distribution of fossiliferous localities and an− alytical methods.-Confidence intervals on the stratigraphic range of taxa can be computed using information about the temporal distribution of the fossil occurrences of a taxon (Marshall 1990 (Marshall , 1994 (Marshall , 1997 . Thus, we have compiled a data− base on the age of 1207 fossiliferous localities that range from the Early Triassic to the Recent. Most of these localities are listed by Sanchíz (1998) , but a few more were taken from Estes (1981) and the primary literature (Appendix 1). We then sorted these localities by age. Most of the Mesozoic localities cannot be dated more precisely than the stage level (average duration about 5 Ma); many of the Cenozoic localities (those located in Europe) are dated more precisely using Land Mammal Ages (average duration of about 1.4 Ma). These localities were then assumed to be uniformly distributed throughout the stages or mammal ages to calculate the mean gap size within each stage or biozone. This procedure yields uniform gap sizes within each stage or biozone (Appendix 2, http://app.pan.pl/SOM/app53−Marjanowic_Laurin_SOM.pdf), but considering the large number of time divisions (51) used in our analysis, this should not alter the results substantially. We have assumed that no two localities are exactly of the same age. This assumption may have been occasionally violated, but this effect (probably rare considering the vastness of geo− logical time) is probably more than compensated by our sim− plifying assumption that each locality has yielded lissam− phibian fossils at a single horizon. Thus, the number of locali− ties that we have used is much more likely to underestimate than to overestimate the number of horizons that have yielded lissamphibian fossils. Consequently, the confidence intervals based on these numbers are likely to be too large, rather than too narrow, and this should minimize the difference between our estimate of the maximum age of Lissamphibia and the deep ages reported by recent molecular studies (San Mauro et al. 2005; Zhang et al. 2005; Roelants et al. 2007) . We cannot provide a count of horizons that yielded fossil lissamphibians at each locality because this information is usually not re− ported (a notable exception is Venczel and Gardner [2005] re− porting Albanerpeton pannonicum from 25 successive hori− zons of a single locality). At best, the thickness of sediments that have yielded such fossils is occasionally provided. For in− stance, fossils of the basal pipimorph frog Shomronella jor− danica have been found throughout a thickness of 1.5 m (Estes et al. 1978) , and the basal pipinomorph frog Eoxenopoides reuningi was found over 33 m of sediment (Estes 1977) . The amount of time that these layers represent was not reported (and is usually difficult or impossible to determine), but it clearly cannot be very short, at least in the second case.
Unlike many studies that perform molecular divergence date estimates, we used the compilation by Milner (1993) only to check that we had not overlooked relevant data, be− cause Milner (1993) focuses only on first and last occurences of families, while our study requires data of all relevant fossiliferous localities (not only the oldest and youngest for each taxon). Furthermore, the two other approaches used in our previous study (Marjanović and Laurin 2007) focused on species rather than families or taxa of another particular supraspecific rank because the supraspecific Linnaean cate− gories are entirely artificial and subjective. Comparative studies should focus on evolutionary lineages rather than ar− bitrary and, in our opinion, meaningless taxonomic levels (Laurin 2005 (Laurin , 2008 Bertrand et al. 2006) . Marshall (1990 Marshall ( , 1994 Marshall ( , 1997 ) described a series of meth− ods to infer the confidence interval of the true stratigraphic range of a taxon. These methods are difficult to use in this case because not all their assumptions are met. The first method assumes that "fossil horizons are distributed ran− domly and that collecting intensity has been uniform over the stratigraphic range" (Marshall 1990:1 sumes "no correlation between stratigraphic position and the sizes of gaps between adjacent fossil horizons" (Marshall 1994: 460) . When such a correlation is present, this method should only be used as a first−order approximation. Thus, we have tested for such a correlation by performing simple lin− ear regressions between gap size and geological age (Table  1) , and by performing a Kolmogorov−Smirnov goodness−of− fit test in Statview ® (Caldarola et al. 1998) . Because both tests indicated the presence of a correlation between gap size and geological age (see below), neither of these two methods (Marshall 1990 (Marshall , 1994 can provide a reliable confidence interval of the stratigraphic range of Lissamphibia.
The fossil−recovery potential function.-The remaining method (Marshall 1997 ) requires a recovery potential func− tion; it was suggested that it be based on the exposure surface of fossiliferous rocks or on water depth (for marine organ− isms whose depth preference is known). The second criterion is obviously inapplicable because many lissamphibians are terrestrial whereas others are aquatic (hence their recovery potential does not vary uniformly with water depth), and there is no convenient way to determine water depth or any comparable parameter in 1207 continental localities. How− ever, Marshall (1997: 169) further indicated that the recovery function should not be based on the empirical distribution of finds (because this would lead to a recovery potential of 0 be− yond the known stratigraphic range and thus preclude calcu− lation of a confidence interval). Thus, the data on the evolu− tion of lissamphibian diversity (Fig. 2 ) cannot be used to de− termine the recovery potential function.
To determine the exposure surface of fossiliferous rocks, we have digitized the geological world map by Bouysse et al. (2000) which is a flat projection of the globe onto three sur− faces: the two poles (in polar views) and the rest of the world (in Mercator projection). Both of these projections cause dis− tortion: in Mercator projection the equatorial areas appear smaller than they should, whereas the high−latitude areas ap− pear too large. The distortion is caused by the 10°−wide longi− tudinal zones appearing equally wide from 0 to 80°rather than narrower as they should with increasing latitude, and by the height of the 10°−high longitudinal zones being proportional to their latitude rather than constant. To compensate for these distortions, we scaled each band of 5°height to its real area as− suming that the Earth is spherical. The polar projections, which covered only 20°(from 70 to 90°in latitude) in the Arc− tic and 30°in the Antarctic, were considered flat in our calcu− lations; the resulting error must be negligible because the ex− posure area around the poles is very small. Submarine out− crops were ignored, as they are never prospected for lissam− phibian fossils. We used Photoshop ® 7 to count the pixels rep− resenting the various periods in order to estimate the relative surface covered by sediments of these periods ( Table 2 ).
The geological map by Bouysse et al. (2000) uses a coarse geological scale (i.e., "upper Paleozoic" or "Jurassic and Cretaceous"). To maximize the power of our statistical tests for verifying that the assumptions of Marshall's (1997) method were met, we considered it preferable to estimate the area covered by sediments from shorter periods. Thus, we as− sumed that the amount of sediment deposited during any pe− riod was proportional to the duration of the period. This does not require that sedimentation be steady: the assumption is only that sedimentation over long periods of time (at least a few Ma) did not change significantly on a worldwide scale. However, even if this assumption is not met, this is not a seri− ous problem because it only decreases the power of the extra tests that we performed to verify that the assumptions were met; heterogeneities in sedimentation rates would not alter the results of our confidence interval on the stratigraphic range of lissamphibians. For instance, the Paleocene lasted 9.7 Ma and the "Tertiary" lasted 63.7 Ma, so we inferred that the area of Paleocene sediments equaled 0.152 times the area covered by the "Tertiary" (9.7 Ma/63.7 Ma = 0.152). The only exception is for the "Quaternary": instead of giving the Holocene a minute proportion of the "Quaternary" (0.0115 Ma/1.806 Ma = 0.0064), we arbitrarily assigned it 0.1 of the "Quaternary" record to compensate for the much greater sampling effort that results from the archaeozoological re− search on historic, protohistoric and late prehistoric sites. This procedure cannot have reduced the power of the test be− cause the Kolmogorov−Smirnov goodness−of−fit test uses the observed maximum difference between predicted and ob− served values (the observed values being the cumulated number of fossiliferous localities at various periods, starting in the Triassic), and our method does not affect this differ− ence for any of the times for which it can be unambiguously established using the geological map (at the end of the Trias− sic, at the end of the Cretaceous, and at the end of the Plio− cene). The only partial exception is for the end of the Plio− cene because part of the Cenozoic sediments is only identi− fied as undifferentiated Cenozoic, so we had to assume that a part of this was from the Pleistocene and Holocene. Thus, our interpolation of the area covered by sediments for shorter pe− riods can only increase the power of the Kolmogorov−Smir− nov test; it cannot have adverse effects on any other cal− culations. This procedure also enables us to better assess the quality of the fit of our recovery potential function using lin− ear regressions.
Preliminary analyses using the Kolmogorov−Smirnov test indicated that the area of exposure of rocks of various ages was a poor predictor of the number of fossiliferous sites yielding lissamphibians (D max = 0.38; P £ 0.001). Results us− ing this function are reported below (CI 6 in Fig. 3 and Tables 3, 4) for comparison purposes, to demonstrate that another approach was required. Thus, we developed a second ap− proach which we combined with the first. This second ap− proach models the increasing lissamphibian diversity through time. During lissamphibian diversification, the num− ber of species present in this clade increased from one to sev− eral thousand, and this diversification must have been ac− companied by a great expansion of the geographic range and the diversity of habitats used by lissamphibians. All these changes must have had major effects on the fossil recovery potential of this group. Several plausible models could be used, including a simple exponential function to model the evolution of biodiversity of lissamphibians through time:
where B is the biodiversity (number of species) at a given time, t is the time (Ma), and d is the time necessary for dou− bling the number of lineages.
To simplify, we will call the ratio t/d "g" (for genera− tions). Thus, the equation becomes:
This approach is consistent with Benton's (2001: 227) re− cent argument that an exponential pattern describes the evo− lution of terrestrial vertebrate biodiversity since their origin well, but it may greatly overestimate the rate of lissam− phibian diversification (see below). Therefore it is signifi− cant that equation (2) cannot be adjusted using the lissam− phibian fossil record because the quality of the latter is pre− cisely what we are trying to assess. However, the exponential function can be adjusted by inserting today's biodiversity (6157 species; Anonymous 2007) and that of the time at which the diversification started. That time is not known (and it is precisely what we want to infer), but the null hypothesis that we wish to test is the hypothesis suggested by recent mo− lecular studies (San Mauro et al. 2005; Zhang et al. 2005; Roelants et al. 2007 ) that Lissamphibia started diversifying in the Late Devonian to Early Carboniferous, between 368.8 and 337 Ma ago. The oldest (Table 4 , rows 5-8) and most re− cent (Table 4 , rows 1-4) times proposed in these studies were used as the beginning of lissamphibian diversification. The fossil recovery potential (R) between the clade origin (368.8 or 337 Ma ago) and any given time can be obtained by integrating function (2), which gives:
where ln designates the natural logarithm, and C is a constant common to all indefinite integrals. To obtain the recovery po− tential between two arbitrary points in time (e.g., the begin− ning and end of a geological stage), the definite integral of the intervening period must be calculated by simple subtraction. Note that what we call "clade origin" here (368.8 or 337 Ma ago) is the time at which the first cladogenesis occurred within Lissamphibia (this is what molecular studies can date). Thus, our method can yield confidence intervals up to a full genera− tion (g) older. The value of g varies depending on the assumed extinction rates in biological crises, but it is on the order of 20-25 Ma. Thus, our method cannot yield upper bounds older than about 390 or 370 Ma, depending on which of the two ages of clade origin (368.8 or 337 Ma) is used. The recovery potential values obtained from the expo− nential growth model can also be divided by the duration of a given geological period as a proxy of average standing 418 ACTA PALAEONTOLOGICA POLONICA 53 (3), 2008 (Table 4 : CI 1-CI 6, which assume six different rates across extinction events and two different ages of origin for each except CI 6 which is independent of the age of ori− gin). A bar chart of these data would be more appropriate than a dot−and− line graph, but much more difficult to read. The total recovery potential un− der each assumption (i.e., the area under each "curve") is 1. Note the wide divergence between CI 6, which is based only on the exposure area of sedi− mentary rocks (Table 1) , and all others, which include an exponential model of diversification. The much lower recovery potential of CI 1-Cl 5 in the Paleozoic generates correspondingly wider CIs. Table 3 . Correlation (as shown by R 2 ) and discrepancy (D) between the predicted number of fossiliferous lissamphibian localities according to vari− ous models and the recorded number of localities. CI 1-CI 6 are confidence intervals as distinguished (in the row below) by the extinction percent− ages at the K/Pg (Cretaceous/Paleogene), P/Tr (Permian/Triassic), and Tr/J (Triassic/Jurassic) boundaries; in parentheses follows the time (in Ma) necessary for doubling the number of species. All numbers were calculated using 337 Ma as the beginning of lissamphibian diversification; using 368.8 Ma instead yields very similar results (not shown). * CI 6 is based only on the surface of exposed rocks, hence its size is independent of the assumed age of the basal node of Lissamphibia. lissamphibian biodiversity. This approach seems more ap− propriate than directly using the fossil recovery potential cal− culated for a period based on the exponential diversification model because the latter would result in a high potential if a period were very long. In fact, the length of the period is irrel− evant; what matters is the abundance of lissamphibians in the former biological communities, and the area of exposed fossiliferous rocks. Whether these rocks represent e.g., 1 Ma or 10 Ma should have no impact on the recovery potential.
Period/ epoch
The estimated average biodiversity in each period can be multiplied by the area of exposures of rocks of various peri− ods on the continents to yield the recovery potential curve; this is the method that was adopted here (Table 3 ). With this model, we should be able to determine if the fossil record of lissamphibians is consistent with our starting assumption of lissamphibian origins, i.e., the timings suggested by and Roelants et al. (2007) , and diversification. We have found that our recovery potential function is adequate using a Kolmogorov−Smirnov test of goodness of fit for con− tinuous distributions. The exact probability for the values of D at our high sample size (n = 1207) is not reported in Zar (1984) , but it can be computed by isolating a (the probability threshold) in the formula used when n is large:
From this equation a can be extracted:
In this case, what is computed is a probability (a = p). We have also tested the correlation between the observed number of localities and the predicted number of localities using our recovery potential functions using a simple linear regression in Statview ® (Caldarola et al. 1998 ) and using a regression with 9999 permutations in Permute! (Casgrain 2005) . We tested normality using Progiciel R (Casgrain et al. 2004) . Since the distribution of the localities in the various periods was lognormal rather than normal, the values were log−transformed (Table 3) .
Lissamphibians in mass extinction events.-The simple exponential diversification model is probably unrealistic be− cause most taxa that originated in the Paleozoic have suf− fered mass extinction at least a few times in their history (Nitecki 1984; Hallam and Wignall 1997) . The simple expo− nential function predicts that the number of lissamphibian species will double in the next 15 to 25 Ma, but this seems unlikely because many of these species are currently becom− ing extinct through habitat loss and introduced diseases in combination with climate change and other causes (Pounds et al. 2006 ). The models that seem most appropriate include three major crises: the Permian-Triassic boundary (P/Tr), the Triassic-Jurassic boundary (Tr/J), and the CretaceousPaleogene boundary (K/Pg) mass extinction events. We have used plausible ratios of species extinction (Tables 3-4: CI 1-CI 3), although they are poorly constrained because nearly nothing is known about how these extinctions affected lissamphibians, with the partial exception of the K/Pg crisis (Cretaceous/Paleogene, often called K/T for Cretaceous/ Tertiary in older literature) which may not have affected lissamphibians as strongly as many other terrestrial verte− brate taxa (Archibald and Bryant 1990; Sheehan and Fas− tovsky 1992) . The end−Permian event is generally consid− ered the most severe (Erwin 1993; Benton 2003) , and in one of our analyses we consider that it probably eliminated 90% of the lissamphibian species of that time. A similar percent− age of extinction has been calculated for marine metazoans by Hallam and Wignall (1997: (Tables 3, 4 : CI 4-CI 5).
The K/Pg and Eocene/Oligocene mass extinction events apparently eliminated species of medium to large body size in foraminifera (Norris 1991) , and the P/Tr crisis had a similar ef− fect on gastropods (Payne 2005) . Thus, given the small size of lissamphibians relative to other tetrapods, it might be sug− gested that they must have suffered comparatively low extinc− tion levels (for tetrapods) during biological crises. This is con− gruent with the results presented by Fara (2000) , who found that all lissamphibian families survived the K/Pg event. How− ever, vertebrates may be an exception to this rule: an analysis of body size evolution using 93 species of stegocephalians that date from the latest Middle Permian to the Early Triassic has failed to find a statistically significant size decrease across the P/Tr boundary (Laville 2007) . (Throughout this paper, Stego− cephali refers to the clade composed of the first animal with digits homologous to those of Homo sapiens and all descen− dants of that ancestor; see Laurin, 1998.) Since the extinction levels are poorly constrained and in− fluence the inferred limits of the confidence intervals on the time of origin of Lissamphibia, four combinations of values were used. We consider the first two the most plausible, while the third one uses values reported by Hallam and Wignall (1997: table 1.1) . The fourth set of values assumes that lissamphibians were much less affected by the great bio− logical crises than most other taxa. To calculate the value of the recovery potential, this potential has to be calculated sep− arately in each time interval bounded by two successive mass extinctions. A fifth set of values assumes that lissamphibians were unaffected by biological crises. These five extinction level settings were used to compute confidence intervals un− der the assumption that the basal split in Lissamphibia oc− curred 337 or 368.8 Ma ago. The combination of all these settings yields ten models (Tables 3, 4 : CI 1-5; Fig. 3 ). An eleventh model (Tables 3, 4 : CI 6; Fig. 3 ), based only on the surface of exposures, is provided only to illustrate the need for a model of lissamphibian diversification.
Little is known about the evolution of lissamphibian biodiversity through time, but, as mentioned above, our recov− ery potential function requires information about lissamphi− bian biodiversity evolution. Therefore, our study would bene− fit from any improvement in our understanding of lissam− phibian biodiversity through time. Thus, we have used the new StratAdd module (Faure et al. 2006) for Mesquite (Mad− dison and Maddison 2005) to compile three indices of lissam− phibian biodiversity through time in order to assess the fate of Lissamphibia around the K/Pg boundary (Fig. 2) using the supertree by Marjanović and Laurin (2007) . These indices are: (i) a simple count of observed species in each stage; (ii) a stan− dardized count of observed species in each stage (obtained by dividing the first index by the stage duration in Ma); (iii) a count of all observed species plus all inferred ghost lineages in each stage. The last index incorporates phylogenetic informa− tion and is based on our supertree, incorporating the corre− sponding minimum branch length assumptions (each species occupies at least a whole geological stage, and the minimum internal branch length is 3 Ma). Thus, ghost ranges are longer here than in other studies because they have usually been com− puted under the assumption that internal branches can have zero length (Wills 1999) . Ghost ranges are potentially impor− tant in species−level studies on biological crises (as opposed to studies using more inclusive taxa) because species have a rela− tively short duration (at least among vertebrates), on the order of a single geological stage. Therefore, studies neglecting ghost ranges would be very sensitive to taphonomic artefacts such as the fluctuating quality of the fossil record; in a worst−case scenario, a group with a good fossil record in one stage and no fossil record in the next would appear to have un− dergone complete extinction. However, if many of the species present in the first (oldest) stage had descendants in later stages and if the phylogeny were reasonably well known, methods that take ghost lineages into consideration would in− fer much lower extinction rates. Simulations are required to more precisely assess the merits of various approaches to study mass extinctions, but they are beyond the scope of this paper. Most previous studies on extinction patterns in early vertebrates did not incorporate ghost range estimates (Erwin 1993; Hallam and Wignall 1997) . Our first two indices do not use any phylogenetic information, but still differ from most previous studies in this field by being done at the species (rather than genus, family or order) level (see Ward et al. 2006 for a partial exception).
Early studies on the evolution of biodiversity did not stan− dardize for stage duration "because of considerable uncer− tainty in the durations of stages" (Raup and Sepkoski 1984: 801) . Over the last twenty years, this uncertainty has greatly diminished for the Cenozoic, so we have calculated these du− rations from the ages given by Gradstein et al. (2004) . In the Mesozoic there are still stages whose beginning and end is associated with uncertainty on the scale of the duration of the stage itself (e.g., the Kimmeridgian, whose duration we con− sider to be 4.9 Ma, while both its beginning and its end have confidence intervals of ± 4.0 Ma; Gradstein et al. 2004 ), but we do not try to test for mass extinctions within the Meso− zoic. Recent studies have generally standardized for time in various ways (e.g., Alroy 1999 Alroy , 2000 Ward et al. 2006) ; our second biodiversity index is also time−standardized.
We did not calculate either background or total extinction rates because the lifetime of most species is highly uncertain; in most cases, species are known from a single stage, but the actual duration of their lineages (including ghost ranges) may be far greater. Thus, it is very difficult to measure ex− tinction rates; but the minimum biodiversity at any given time can be measured more objectively. Our analysis might indicate whether or not it is appropriate to include extinction events in the model of lissamphibian biodiversity, although, given the paucity of Triassic and Jurassic lissamphibian fos− sils, only the K/Pg boundary event and less important crises that occurred in the Cenozoic can be studied in this taxon.
Uncertainties about the assignment of fossils to geologi− cal stages of the Miocene complicated the analysis because many lissamphibian fossils are only dated to middle Miocene in the literature, whereas our scale divides this interval into Langhian and Serravallian. Therefore, we computed all bio− diversity indices using two versions of our supertree, one in which all species of uncertain age were put in the Langhian and another in which these species were placed in the Serra− vallian. There are also several records of fossils whose taxo− nomic assignment is questionable and that could represent distinct species or (often) the oldest records of their respec− tive species. Again, we calculated the three biodiversity indi− ces while either considering these specimens of questionable affinities to be distinct species, or excluding them. The latter approach would be justified if these specimens were ances− tral to at least some of the other species in our tree, if they be− longed to known species not included in our tree, or if they were-as argued by Bever (2005) for many fossils attributed to Bufo sensu lato (i.e., not sensu Frost et al. 2006 )-based on non−diagnostic material. We then computed the maximum and minimum biodiversity according to the three indices and two versions of the supertree (differing in stage assignment of middle Miocene lissamphibians), and these are the values reported in the Results section.
Results
Evolution of biodiversity in Lissamphibia.-The raw (un− standardized) observed number of species per epoch varies widely and, to a large extent, randomly ( Fig. 2A) . This index obviously reflects mostly taphonomic artefact and is nearly useless to assess the fate of lissamphibians across the K/Pg boundary. However, this graph shows the stratigraphic distri− bution of the lissamphibian species that are included in the supertree (which includes most known extinct lissamphibian species, except for those dating from the Pliocene or Pleisto− cene), and, as such, nicely summarizes this aspect of our data.
The standardized observed number of species (Fig. 2B ) also varies widely, but perhaps a little less than the raw num− ber of species (Fig. 2A) . The differences between both indices are enlightening. For instance, the raw number of species sug− http://app.pan.pl/acta53/app53−413.pdf gests a 50% diversity drop at the K/Pg boundary, but the stan− dardized values suggest a more moderate reduction. Similarly, the raw values suggest moderate drops in lissamphibian diver− sity in three Cenozoic time intervals (Chattian/Aquitanian, Langhian/Serravallian, and Tortonian/Messinian), but the standardized values show moderate increases in diversity, which suggests that these variations in raw values mostly rep− resent taphonomic artefacts. However, even the standardized observed numbers of species are probably affected by tapho− nomic factors, as shown by comparisons with the observed number of lineages (see below).
The count of lineages appears to be much less affected by taphonomic artefacts, judging by the smooth shape of the di− versity curve (Fig. 2C) . However, the signal in this index is probably overwhelmed to a large extent by the numerous ghost ranges that lead to extant species. This is illustrated by the number of observed species (5 to 10) and high number of lineages (57) in the Maastrichtian; there are about 50 ghost lin− eages in that stage, and most of them lead to extant species. Thus, this index should have a low power to detect extinction events. Nevertheless, four drops in diversity are visible. The first occurs between the Campanian (59 lineages) and the Zhang et al. (2005) , and (C) Lissamphibia based on the fossil record (Marjanović and Laurin 2007) . In A, the stem of Lissamphibia is placed as high in the geological section as plausible under the various phylogenetic hypotheses: (I) as the sis− ter−group of Doleserpeton; (II) within Branchiosauridae; (III) as the sister−group of the Doleserpeton + Amphibamus clade; (IV) as the sister−group of Lysorophia; (V) polyphyletic from within "lepospondyls" (caecilians, or caecilians and caudates) and "temnospondyls". Known stratigraphic ranges are shown as thick lines, ghost ranges as thin lines. In B, the 95% credibility intervals of molecular dates are represented by blank boxes; the best estimates and lower and upper boundaries of the credibility intervals are also indicated in parentheses. In C, the numbers given next to the nodes represent the age esti− mates (Ma) based on the assumptions used for the supertree by Marjanović and Laurin (2007: fig. 9b ). In parentheses follow the ranges of minimum (rather than actual) divergence dates as obtained using various minimum branch length assumptions (Marjanović and Laurin 2007: appendix 4) ; these ranges, also represented as blank boxes, are not true confidence intervals. The colored boxes represent the confidence intervals on the lower bound of the stratigraphic range of Lissamphibia calculated in the present paper (1-6 correspond to the lower half of Table 4 : CI 1-Cl 6), where the bottom of the rectangle shows the lower limit of the 75% confidence interval and the black bar in each colored box corresponds to the lower limit of the 50% confidence interval. Abbrevia− tions: Arch, Archaeobatrachia; Cry, Cryptobranchoidea; Mississi., Mississippian; Sal, Salamandridae.
Stegokrotaphia
Danian (56 lineages). The second drop (from about 140 to about 135 lineages) is across the Chattian/Aquitanian (Oligo− cene/Miocene) boundary that is not considered a time of major biological crisis (Hallam and Wignall 1997) , although many species of corals became extinct at that time (Edinger and Risk 1995) . Another slight reduction in number of lineages (from about 140 to about 130) is across the Langhian/Serravallian boundary, in the middle Miocene. An extinction event at that time was recognized by Raup and Sepkoski (1984) . The fourth slight drop (from about 127 to about 123 lineages), between the Tortonian and the Messinian (late Miocene), may result partly from our deliberate omission of the Pliocene and Qua− ternary (sub)fossils, but it may also reflect a genuine reduction in lissamphibian biodiversity because an extinction event in North American mammals has long been recognized at that time (Webb and Barnoski 1989) . The three possible Tertiary crises identified on the basis of the number of lineages, and the K/Pg event, also appear as times of elevated extinction level according to the first index, i.e., the raw number of observed species ( Fig. 2A) .
Comparison of the three indices suggests that there was a slight reduction in lissamphibian diversity across the K/Pg boundary, but the other reductions we detected in the Ceno− zoic could be artefacts.
Confidence interval of the stratigraphic range of Lissam− phibia.-The confidence interval of the stratigraphic range of Lissamphibia had to be computed using a method that can cope with nonrandom distribution of fossil horizons (Mar− shall 1997) because the correlation between gap size and geological age in our data is highly significant, as shown by simple linear regressions (Table 1) . A Kolmogorov−Smirnov goodness−of−fit test on the 78 Mesozoic localities also indi− cates a strong deviation from an even temporal distribution of localities (p < 0.001). A method that assumes there is no such correlation (Marshall 1994) suggests that there is a 99% probability that the 80% confidence interval of the strati− graphic range of Lissamphibia extends no more than 425,000 years beyond the first appearance of fossils, i.e., beyond the beginning of the Triassic (into the very latest Permian). In this method, the limits of confidence intervals have confi− dence probabilities.
More plausible results were obtained by the fossil recov− ery potential curve using the method advocated by Marshall (1997) . The fossil recovery potential functions based on an exponential diversification model and on the area of exposed rock (Table 3) show moderate discrepancies between pre− dicted and observed number of localities (D max = 0.11 or 0.12). These deviations are highly significant (P < 0.001), but this largely reflects the high number of localities (1207) used to compute this statistic. Marshall's (1997) method seems to have been designed for cases where far fewer localities are known, and accordingly, his test maximizes the power to find deviations between the predicted and the observed number of localities; with several hundred localities, obtaining a recov− ery potential function without significant deviations from the observed number of localities and obtained independently from the distribution of localities seems extremely unlikely. Our linear regression using Permute! (Casgrain 2005) shows that most of our recovery potential functions explain at least 85% of the observed variance in the observed number of lo− calities; the associated probability for this being a random pattern is less than 0.0001 (Table 3) . Thus, we conclude that the recovery potential functions are adequate, and we report the results of these calculations, with the caveat that one of the recommendations by Marshall (1997) cannot be followed exactly as he suggested.
The functions that assume that lissamphibians were af− fected by biological crises to about the same extent as most metazoans (Table 4 : CI 1-CI 3; Fig. 4 ) yield a 50% confidence limit of lissamphibian origins extending down to the Late Permian (Wujiapingian or Changxingian; 253 to 260 Ma ago, depending on model and molecular estimate adopted). The 75% confidence limit still also implies much younger dates of lissamphibian origin than suggested by most recent molecular studies (San Mauro et al. 2005; Zhang et al. 2005; Roelants et al. 2007) , with an earliest possible time of appearance between 256 and 277 Ma ago (Wujiapingian to Artinskian). Three other functions, including one that does not predict the number of localities well (Table 3 : CI 6), have highly variable lower bounds to their confidence intervals and give highly variable results (Table 4 : CI 4-CI 6; Fig. 4) . Assuming that the great bi− ological crises had minor or no effects on lissamphibians (CI 4-Cl 5) gives a 50% confidence limit ranging from the Wujiapingian (260 Ma ago) to the Serpukhovian (319 Ma ago; late Mississippian). The 75% confidence limit under the same assumptions (CI 4-Cl 5) ranges from 272 Ma ago (Kungurian) to 378 Ma ago (Frasnian, Upper Devonian). Since digits may not have appeared before the Famennian (Laurin et al. 2000) and the earliest known crown−tetrapods date from the Viséan (Laurin 2004) , and because the fossil record of the Upper De− vonian is quite good (Janvier 1996) , an origin of lissamphi− bians in the Frasnian is highly unlikely. The model incorporat− ing only the exposure area of sediments has a poor fit (Table 3: CI 6) and gives a ridiculously recent confidence interval (ter− minal Changxingian). This result is provided only to illustrate the need to have an adequate recovery potential function.
Discussion
Evolution of biodiversity and the fate of Lissamphibia across mass extinction events.-We have found large dif− ferences in the reconstructed pattern of lissamphibian bio− diversity shown by raw and standardized observed number of species. Earlier studies of biodiversity through time (e.g., Smith 1994 and references therein) did not standardize for stage duration; the need for standardization was recognized by Alroy (1998 Alroy ( , 1999 Alroy ( , 2000 and Alroy et al. (2001) , who used absolute ages instead of stage assignments and also standardized for sampling intensity (Alroy 1999 (Alroy , 2000 Alroy et al. 2001) . Unfortunately, we know too little about the sam− pling of the lissamphibian fossil record in collections and in the literature to standardize for this.
Incorporation of extinction events into the models is sup− ported to an extent by the literature and by our new analyses. Among taxa that have been interpreted as stem−amphibians (= stem−lissamphibians), the temnospondyls suffered a great re− duction in biodiversity towards the end of the Permian, al− though their record is not good enough to determine if this was a slow decline or a result of the end−Permian crisis (Milner 1990 (Milner , 1991 . The "lepospondyls" also declined steadily in di− versity in the Permian, but in their case, complete extinction (except for the lineage which probably led to the lissam− phibians) seems to have occurred well before the end of the Permian (contra Zhang et al. 2005: figs. 2, 3) because only a few species persist into the Middle to Late Permian (Carroll 2000) . Less is known about how lissamphibians fared in times of biological crises. Aquatic vertebrates, especially those liv− ing in freshwater, may have been little affected by the K/Pg boundary event (Clemens 1982; Fara 2000) ; however, this conclusion is based mostly on turtles and crocodilians, which have a much better fossil record.
Our data suggest that lissamphibian biodiversity dropped (but only moderately) at least twice (biological crises before the K/Pg boundary cannot be studied because critical data are lacking): between the Maastrichtian (or possibly the Cam− panian) and the Danian, and across the Oligocene/Miocene boundary (Fig. 2) . Thus, lissamphibians may have been moderately affected by the K/Pg event, and a literal reading of lineages (Fig. 2C) suggests a gradual decline rather than a catastrophic extinction event, although the two other indices suggest a more rapid reduction in diversity consistent with a catastrophic K/Pg event ( Fig. 2A, B) . The apparently gradual decline in lissamphibian diversity suggested by the lineage count in that interval (Fig. 2C ) may also be due to the Si− gnor−Lipps effect (Signor and Lipps 1982) , reflecting the rel− atively scanty fossil record of lissamphibians in the Meso− zoic. This interpretation is consistent with the stratigraphic range extension of Albanerpeton galaktion from the Cam− panian to the Maastrichtian (Gardner 2000) .
These results give moderate support to our incorporation of major biological crises into the recovery potential function because our data suggest that lissamphibian diversity did not undergo unchecked exponential diversification through time; some periods seem to show at least moderate decline. Our study did not focus on biological crises and we do not want to emphasize our results on how extinction events affected lissamphibians because our database was not primarily com− piled for this purpose. We have found limited evidence that, contrary to previous suggestions (Clemens 1982; Archibald and Bryant 1990; Fara 2000) , lissamphibians were affected by biological crises, at least by the K/Pg boundary event; how− ever, the effect of this crisis appears to have been modest in this clade, at least by comparison with dinosaurs.
The difference between our results and those of Fara (2000) reflect the taxonomic level at which the studies were performed. Fara (2000) found that all lissamphibian families survived the K/Pg boundary, and we too have found the ex− tinction of only one clade that is sometimes considered a family (Noterpetontidae, not documented in Fara's source : Milner 1993) . However, at the species level, the extinction event was more noticeable, with five or six species becoming extinct at or near that boundary. Archibald and Bryant (1990) found few extinctions in lissamphibian species from north− eastern Montana at the K/Pg boundary, but a new species from the Maastrichtian of Bolivia (Noterpeton bolivianum) was subsequently described (Rage et al. 1993) , and the strati− graphic range of Albanerpeton galaktion extended (Gardner 2000) .
Comparisons with molecular dating of the origin of Lis− samphibia.-Those recovery potential functions that best predict the observed number of localities and assume plausi− ble extinction levels of lissamphibians in biological crises (Table 4 , CI 1-Cl 4) yield moderately different lower (older) limits on the stratigraphic range of Lissamphibia (Fig. 4) , most of which are significantly younger than the results of Zhang et al. (2005) . None of the 80% confidence intervals are compatible with the Late Devonian age of Lissamphibia which was the point estimate by San Mauro et al. (2005) and Roelants et al. (2007) , or even with the Mississippian age cal− culated by Zhang et al. (2005) . However, the credibility in− tervals on these molecular dates span the interval from 417 to 328 Ma ago, thus including the entire Devonian and most of the Mississippian (San Mauro et al. 2005) . They are even wider if the penalized−likelihood dating by Roelants et al. (2007: online supplementary dataset) is considered; in that analysis, the age of Lissamphibia is estimated at 352 Ma, with a credibility interval which ranges from 370 to 304 Ma ago (a timespan that includes most of the Carboniferous as well as the end of the Devonian). Still, of all confidence inter− vals, only the 95% confidence interval of CI 4 overlaps these molecular dates (entirely so in the case of Zhang et al. 2005) .
All these ancient molecular dates of lissamphibian diver− sification, which are difficult to reconcile with the fossil re− cord, can be explained by the choice of calibration dates. Zhang et al. (2005) used only two external, ancient calibra− tion points, namely the divergence between dipnomorphs and tetrapodomorphs and the origin of Amniota, which they placed at 400 Ma ago and 300-320 Ma ago, respectively (see Marjanović and Laurin [2007] for a discussion of these dates). Roelants et al. (2007) used 24 calibration dates, in− cluding 22 within Lissamphibia, but only two, the origins of crown Tetrapoda (sensu Laurin and Anderson 2004) and Amniota, had estimated upper bounds. All other calibration points, i.e., all those within Lissamphibia, had only minimum (lower) bounds. Such a choice of calibration dates has been found to yield unrealistically ancient dates (Brochu 2004a (Brochu , b, 2006 Marjanović and Laurin 2007) . Furthermore, the upper bound used for Tetrapoda (385 Ma ago) is probably too old; this is the beginning of the Late Devonian (385-359 Ma ago), from which several stem−tetrapods, but no tetrapods, are known (Laurin et al. 2000) . A few more stem−tetrapods, some of them closer to the crown−group than all known De− vonian ones, have also been found in Tournaisian strata (359-345 Ma old), where tetrapods are so far still unknown, and this suggests that 360 Ma is a more appropriate upper bound for Tetrapoda (Marjanović and Laurin 2007) . San Mauro et al. (2005) used Amniota (set at 338-288 Ma ago), Batrachia (at least 230 Ma ago), Cryptobranchoidea (at least 161 Ma ago, but see Wang et al. [2005] ), Anura (at least 140 Ma ago), and several more; however, only a single external (Amniota) and a single internal calibration date (the diver− gence between Mantidactylus wittei and Mantidactylus sp. from the Comoro islands, not more than 15 Ma ago) had an upper bound. All these factors probably explain the very an− cient dates obtained by Zhang et al. (2005) and Roelants et al. (2007) , and to a lesser extent those of San Mauro et al. (2005) (since those authors used one internal calibration date with an upper bound). In contrast, the most recent molecular di− vergence date estimates (Hugall et al. 2007: fig. 5 , table 3) approach or include the Permian-Carboniferous boundary (nucleotides: 322 ± 19 Ma ago; amino acids: 292 ± 28 Ma ago) even though its calibration points are all external to Lissamphibia. This may, as Hugall et al. (2007: 552) point out, be due to the fact that nuclear genes were used because "mtDNA divergences typically saturate at these timescales" so that the basal branches of mitochondrial−DNA trees are too short and the other branches too long. However, Hugall et al. (2007) chose no less than five calibration points and used all of them as fixed ages (i.e., they had an upper bound); this probably contributed to yielding reasonable ages.
There is no irreconcilable difference between paleonto− logical and molecular dates. Our own molecular dating which incorporates internal and external calibration dates with lower and (in a few cases) upper bounds yields results compatible with evidence from the fossil record (Marjanović and Laurin 2007) . These dates result from a reanalysis of the data of Zhang et al. (2005) using penalized likelihood (Sanderson 2003) and several combinations of calibration dates, of topol− ogies (with mono− or paraphyletic "Archaeobatrachia"), of evolutionary models, and of smoothing factors (the smoothing factor in penalized likelihood determines how much the rates of evolution are allowed to differ between sister−groups). Our results were presented briefly, but because of the complexity and number of the analyses involved (Marjanović and Laurin 2007 : table 2 and appendix 10), a summary highlighting our most relevant findings may be useful. The set of calibration dates which yielded the most plausible results included both external (Dipnomorpha-Tetrapodomorpha divergence, fixed at 410 Ma ago, and Amniota, at least 310 Ma ago) and internal calibration dates. The latter included only minimum (lower) bounds in most cases, such as Cryptobranchoidea (at least 140 Ma ago), and, depending on topology, Pipanura (at least 155 Ma ago) or "Archaeobatrachia" (at least 170 Ma ago) and Batrachia or Lissamphibia (both set to at least 250 Ma ago). When the upper bound was reasonably well constrained, we used both upper and and lower bounds, but varied the upper bound to test its impact on the molecular dates. Thus, the age of Urodela was constrained between 155 Ma ago (lower bound) and 170, 185 or 200 Ma ago (upper bound), and the age of Bombinanura was set between 170 Ma ago (lower bound) and 185, 200, or 215 Ma ago (upper bound) . These 22 analyses yielded ages of Lissamphibia ranging from 250 to 291 Ma ago, with an average of 272 Ma ago, which suggest a Permian origin for Lissamphibia (Gradstein et al. 2004) .
Confidence interval on the origination time of Lissam− phibia using the fossil record.-We have tried to compute confidence intervals on the stratigraphic range of Lissam− phibia to determine its probable earliest time of appearance based on its fossil record. Because of the numerous assump− tions made in these calculations, we do not wish to put too much confidence into these results, although these assump− tions are perhaps not more unreasonable than those used for molecular divergence dating (Lee 1999; Shaul and Graur 2002; Brochu 2004a, b; Graur and Martin 2004; Britton 2005) . The requirements about the distribution of fossili− ferous localities that enable application of the methods pro− posed by Marshall (1990 Marshall ( , 1994 Marshall ( , 1997 are severely limiting; none of the proposed methods was entirely suitable for our purpose, although the latest one (Marshall 1997 ) is adequate when modified as suggested above. The recommendation to use a Kolmogorov−Smirnov goodness−of−fit test for continu− ous distributions in order to detect deviations between ob− served and predicted number of localities (Marshall 1997) was proposed for situations in which relatively few localities were known. In Marshall's (1997) example, the species are represented in 10 horizons. Thus, a Kolmogorov−Smirnov test may be too stringent when many localities exist, because significant deviations will almost always be found. For ex− ample, the deviations between our various functions and the observed number of localities were always highly significant (D = 0.11 to 0.13; p < 0.0001) because Lissamphibia is repre− sented by 1207 localities. However, the same value of the D statistic yields non−significant results (p > 0.05) with a lower sample of 120 localities, which is still much higher than the cases envisioned by Marshall (1997) . When a taxon is pres− ent in a large number of horizons, we suggest using regres− sions (with permutations, if the distribution of observed number of localities is not normal) to verify that the recovery potential function predicts the actual number of localities well. In this case, we suggest that the coefficient of determi− nation (R 2 ) be examined; even if the relationship is signifi− cant (p < 0.05), we do not recommend using this method if the R 2 is less than about 0.8 (admittedly an arbitrary thresh− old). In our case, this method suggests that our recovery po− tential functions incorporating geological age, an exponen− tial model, and the surface of exposure of sedimentary rocks, are adequate. The other model that uses only the exposure surface is clearly inadequate, as shown by its much lower co− efficient of determination in the linear regression. Establish− ing confidence intervals of stratigraphic ranges of taxa re− mains an open problem, but this is hardly surprising because much relevant information is usually missing, such as the http://app.pan.pl/acta53/app53−413.pdf sampling effort in the field, the exact age of the fossiliferous localities, and the abundance of the relevant taxa in their for− mer biological communities.
The confidence intervals CI 5 and to a lesser extent CI 4 ex− tend deep into the past because our exponential function yields a very low lissamphibian biodiversity in the Paleozoic, ranging from two species in the Viséan (337 Ma ago) or Famennian (368.8 Ma ago) to a maximum of 72 species at the end of the Permian. Thus, despite the fairly extensive Permian exposures, the lissamphibian recovery potential for that period is much smaller than for the Cenozoic, in which lissamphibian diversity has grown (according to our preferred model) from 400 to 6157 species. Other biodiversity models, such as logistic or steady−state models, would have yielded greater biodiversity in the Paleozoic and, hence, much smaller confidence intervals. A steady−state model that can be exemplified by taking only the exposure area of sedimentary rocks into consideration gives ri− diculously short confidence intervals (Table 4 : CI 6; Fig. 4 ) and is inconsistent with the evolution of estimated lissamphibian biodiversity using any of the three indices used here (Fig. 2) or with the observed number of localities (Table 3) . The model that assumes that lissamphibians were unaffected by all biolog− ical crises and diversified exponentially gives an excessively long 75% confidence interval that extends into the Late Devo− nian in one case and is not calculable in the other (Table 4 : CI 5; Fig. 3 ), yet it fits the observed number of localities almost as well as the other exponential models that incorporate the effect of biological crises, which yield drastically smaller confidence intervals (Table 4 : CI 1-CI 4; Fig. 3 ). Thus, this method is less conclusive (in this case) than obtaining minimum paleonto− logical ages from a time−calibrated supertree (Marjanović and Laurin 2007) , but the results obtained by both of these meth− ods, and by our molecular dating (Marjanović and Laurin 2007) , are all compatible. Furthermore, we should point out that recent divergence date estimates from molecular data Roelants et al. 2007; Marjanović and Laurin 2007 ) encompass a similarly large range of dates, rang− ing from 368.8 to 255 Ma ago.
Other methods could have been used to compute confi− dence intervals on the origin of Lissamphibia. For instance, Foote et al. (1999) assessed various scenarios on the timing of placental mammal diversification by using a model of di− versification which assumes a constant probability of clado− genesis and extinction, and uses only biodiversity at present and at the first time of appearance in the fossil record as in− put. It might be interesting to test this method using our data, but we preferred using Marshall's (1997) method because it uses all the data on the stratigraphic distribution of the rele− vant fossils. By contrast, since only two Triassic localites have yielded lissamphibian fossils, the method of Foote et al. (1999) would use only about 0.17% of the available data (2/1207) presented in Appendix 2 (SOM). We expect that discarding over 99.8% of our data would result in wider con− fidence intervals, although this would have to be verified by applying the method. Furthermore, the assumption of con− stant diversification and extinction rates required by the method of Foote et al. (1999) may not be realistic over the studied geological timespan, because several mass extinction events may have affected lissamphibians.
The method we use here does not distinguish node−, apo− morphy− and branch−based taxa, and hence, the confidence in− tervals calculated here do not necessarily apply to Lissam− phibia (the amphibian crown−group). Marshall (1999) stated that the time of origin that he obtained (for some bird taxa) were "actually the origination time of the first diagnosable synapomorphy". In the case of Lissamphibia, the situation is a little different because the name of this taxon has had a clear phylogenetic meaning for at least a few decades (the amphib− ian crown−group). However, contrary to molecular divergence dating that clearly dates a cladogenesis, the confidence inter− val based on stratigraphy could also be conceived of as dating the branch−based taxon that includes Lissamphibia and all un− known extinct taxa that are more closely related to Lissam− phibia than to its closest known relatives (lysorophians and/or dissorophoids). In that case, the basal dichotomy in Lissam− phibia may be younger than our calculations suggest. Glob− ally, our calculations of the confidence interval on the strati− graphic range of Lissamphibia suggest that this taxon is youn− ger than advocated by San Mauro et al. (2005) and Roelants et al. (2007) . However, our calculations give less precise results than a time−calibrated supertree (Marjanović and Laurin 2007) and, under some assumptions on the impact of mass extinction events (Table 4 : CI 4-Cl 5), cannot exclude the divergence times inferred by Zhang et al. (2005) . Globally, the molecular and the paleontological evidence are most compatible with an origin of Lissamphibia sometime in the Permian, between about 290 and 255 Ma ago. : 51, 128, 427, ?428, ?429, 430, 451, 598, 635, 803, 834, 905, ?1073, Hordle Cliff (Holman and Harrison 2003) , 165, 306, 463, 490, 575, 691, ?965, ?1105 , 1109 , 1121 MP21: 444, 449, 862, 902, 999; MP22: 647, 681; MP23: 191, 486 
